Abstract Transfusion related acute Lung injury (TRALI) though a serious blood transfusion reaction with a fatality rate of 5-25 % presents with acute respiratory distress with hypoxaemia and noncardiac pulmonary oedema
Introduction
Transfusion related acute lung injury (TRALI), though rare, is a potentially fatal adverse blood transfusion reaction. It presents with acute respiratory distress characterized by sudden, albeit transient, non cardiac pulmonary oedema on chest radiogram, temporally occurring during or within 6 h of blood or component transfusion. Hypoximea is the essential consequence. The condition requires immediate detection and prompt treatment can be life saving.
Reported to occur with frequency of 1:5000 patients receiving blood or components, it is believed to be the fourth most common adverse transfusion reaction [1] and the third leading cause of mortality, reported in USA [2] .
Nested control studies show that the vulnerable groups of patients include patients with haematologic malignancy undergoing induction chaemotherapy, those undergoing coronary bypass surgery [3] . Other antecedent events have included major surgery, massive transfusion (replacement of total volume for 4 days) and cytokine administration (Granulocyte Colony Stimulating Factor, GCSF). In addition, patients receiving fresh frozen plasma (FFP) for coumadin reversal, plasmapharesis for Thrombotic Thrombocytopaenia (TTP) and those with wide spread endothelial cell activation due to infections are considered more susceptible for TRALI [4] .Pathogenesis of TRALI centers around neutrophil sequestration in pulmonary microcirculation and adherence to alveolar endothelium followed by its activation and leaks either by an immune reaction between neutrophil antigens and anti-neutrophil antibody or by a non-immune mechanism prompted by release of oxidases and damaging response modifier lipids that accumulate in routine storage of blood [3, 5, 6] .
We present a 15 year (1999-2013) single institution experience with TRALI, during which we encountered 9 cases among 170,871 transfusions. The presentation's objective is to point out (a) that its prevalence in our experience (1: 19,000 ) is much lower than the oft reported incidence of 1:5000 (b) With awareness of the caring team for its prompt recognition and immediate management, there was no mortality or significant morbidity in our cases (c) Even among the small number of cases (only nine) who came into our observation, the disease conditions that are suspected to predispose a patient to TRALI are somewhat different (d) a brief review of information available in the literature about this rare and oft overlooked condition is, called for.
Methods Subjets
A brief clinical narrative of our nine cases of TRALI is given below and this summarized in 
Methods: Diagnostic Criteria
As standard practice in our hospital, the treating clinicians and the nursing staff report all cases suspected of adverse transfusion reactions immediately to the hospital blood bank, followed by event investigation and recording on the standard format, blood sampling and laboratory tests according to a pre-defined d protocol. Detailed review of patient's records, inquiries from the patient and the concerned staff, clinical examination and review of investigations is done by the charge physician/ haematologist. The diagnosis of TRALI, as recommended by the definition of Toronto Canadian consensus conference of 2004 [7, 8] was based on the following criteria in our cases. All the patients included in the study are those who were investigated, diagnosed and treated prospectively. The data has been stored in the patient files maintained both in the department of medical statistics and in our own haematology unit. The donor details in respect of the offending transfused component were collected from the national blood bank where the donor records are routinely maintained.
Observations
The results of investigations that formed the basis of diagnosis of TRALI on the background of clinical findings in each case are shown in Table 2 . Although the number of cases in our study is too small, yet it may be observed that there is no consistency in age and gender, indication for transfusion, the kind and number of component units transfused or the number of exposures (single or multiple occasions). The time to symptoms of TRALI varied from a few minutes (during transfusion) to 7 h. The chest radiogram cleared in 2-3 days in all cases.
All patients recovered with prompt management of ARD with oxygen support. Six patients, including three with cyanosis, were put on mechanical ventilation. All were given off-label, hydrocortisone. Two patients developed fever and were given antipyretics. No patient developed hypotension and none received diuretics.
Fortunately, there were no fatalities in our cases. The information about the particular blood components transfused in our nine TRALI patients is contained in Table 1 .
Figuring incidence for particular components as causative of TRALI from merely nine cases will not be meaningful. However, it was observed that among our nine patients, TRALI occurred following FFP in four patients, platelet concentrate in two patients, and cryoprecipitate in one patient. In the remaining two patients, no one specific component could be incriminated because of almost simultaneous emergency transfusion with more than one component in these patients.
The year-wise distribution of various blood components transfused during the period of study is shown in Table 3 . It also shows the number of adverse transfusion reactions against each component, with a separate mention of the number of patients who developed dysponea or respiratory difficulty. All such patients were carefully examined clinically for bronchospasm, evidence of fluid overload and accompaniments of hypersensitivity reactions and were specifically investigated for evidence of TRALI according to the accepted criteria. Only nine cases could be proved to have TRALI.
Some authors [7] suggest that If one or more ALI factors are present in a patient considered to have TRALI, the diagnosis of ''Possible TRALI'' could be given. But, most other workers believe that it may not be recommendable as it introduces an element of significant subjectivity. We have included only those patients who strictly fulfilled all the recommended criteria of TRALI and have avoided considering doubtful patients as ''Possible TRALI''. However, we did pay particular attention to the patients who developed dyspnoea either as the sole or combined manifestation of transfusion reaction and excluded those patients who showed positive auscultatory findings of bronchospasm, fluid over load or accompaniments of hypersensitivity reactions and those who on further investigations did not show evidence of diffuse pulmonary oedema and hypoxia (PaO2/FiO2 \300 mmHg or pulse oxymetry O2 saturation \90 % on room air).
Discussion
Bilateral pulmonary oedema resulting from blood transfusion was first described by Barnard [9] . However, Popovsky et al. [10] recognized this as a distinct clinical entity as an adverse transfusion reaction in 1983 and coined the term Transfusion ''Related Acute Lung Injury''-TRALI. In 1985, they described the minimum diagnostic features and pathogenetic considerations of this condition [11] . However, It is only in 2004 that the EuropeanHaemovigilance Network (EHN) and the Canadian Consensus Conference [7] proposed the criteria for the diagnosis of TRALI. This included (a) active respiratory distress occurring within 6 h of transfusion (b) new bilateral lung infiltration in chest X-ray in absence of cardiac overload or cardiac malfunction (c) evidence of hypoxaemia, PaO2/ FiO2 \300 mmHg or O2 saturation \90 % or other clinical evidence (d) absence of any other risk factor of ALI, such as trauma, pneumonia, cardio-pulmonary bypass surgery, burn injury, near drowning, shock or sepsis. The National Heart, Lung and Blood Institute (NHLBI) working group on TRALI has published a definition of TRALI that additionally includes pulmonary artery occlusion pressure of \18 mm Hg when measured or lack of clinical evidence of left arterial pulmonary hypertension [12] . AABB has also published an Association Bulletin to provide background information and guidance to members regarding TRALI [13] . They emphasize absence of ALI before transfusion as important. However, it is now believed that ALI risk factors may not exclude TRALI as long as the respiratory insufficiency is temporally related to transfusion. It may also be mentioned that although, by definition TRALI temporally occurs within 6 h of transfusion, yet a few cases are reported to have occurred later, even after 48 h [14] . In our cases the maximum time to TRALI was 7 h.
The differential diagnosis of TRALI includes circulatory overload, anaphylactic transfusion reaction, bacterial contamination of transfused products and occasionally acute haemolytic reaction [15, 16] . A valuable clinical feature of TRALI that may be of importance in its differentiation from ALI is the discrepancy between the chest X-ray appearance of pulmonary oedema and absence of auscultatory findings in TRALI. This is explained by the fact that pulmonary oedema in TRALI is due to interstitial infiltration.
TRALI is believed to account for 6 % of all adverse reactions in the Serious Hazards of Transfusion (SHOT) data base and a leading cause of transfusion related death with mortality rate of 5-25 % [1, 6, 15, 16] .
The incidence of TRALI is generally reported as 1:5000 transfusions. From North America it is reported to vary from 1 in 5000 to 1 in 1323 [3, 5, 11] . A newer report from Quebec mentions the incidence as 1:100,000 [17] . From Europe it is reported a 1.3: 100,000 to 1:7900 [18] [19] [20] . However, estimates about its true occurrence are subject to doubt. Firstly, neither the spectrum of clinical manifestations nor the associated laboratory findings of TRALI are independently pathognomic and the condition has remained rather nebulous. Secondly, the clinical as well radiological chest findings of TRALI are transient and the possibility of a missed diagnosis in many patients who ve survive is quite strong. Thirdly, except for measurement of hypoxaemia (PaO2/FiO2), no objective laboratory investigations were included in the criteria for diagnosis, hence leading to considerable subjectivity in its diagnosis. Lastly, some cases of the otherwise acute lung injury (ALI) unrelated to transfusion could have been coincidently become apparent after transfusion and thus mistaken for TRALI [16] . The Australian Red Cross Blood Service reported nine suspected cases of TRALI over a 27-month period from March 1999 to June 2001 [4] .In our study, we encountered nine cases over 15 years. These nine cases were observed among 170,871 transfusions suggesting an incidence of 1:19,000. It may be mentioned that we followed the policy of conscious donor selection in avoiding female donors, particularly with history of multiparity since 2005 especially for plasma and platelet collection.
Nested control studies in the literature show that two groups of patients are at greater risk for TRALI [3] , that is patients with haematologic malignancy on induction chaemotherapy and patients with cardiac disease undergoing by-pass surgery. Amongst our nine subjects, there was no case of either haematologic malignancy or cardiac surgery. However, it may possibly be because of the cases in our study being too small. Van Burun et al. [21] from their retrospective study showed that among the patients who developed TRALI, antecedent events included major surgery, infections (bacterial and viral), massive transfusion (replacement of total volume for 4 days) and cytokine administration (Granulocyte Colony Stimulating Factor, GCSF). In addition, patients receiving fresh frozen plasma (FFP) for coumadin reversal, plasmapharesis for Thrombotic Thrombocytopaenia (TTP) and those with wide spread endothelial cell activation due to infections are considered more susceptible for TRALI [6, 21, 22] . In our study, the patients who developed TRALI included those with TTP, APS, thrombaesthenia, Multiple visceral trauma, amegakaryocytic thrombocytopaenia, Factor XIII deficiency, vWD and DIC.
Pathogenesis of TRALI still remains largely uncertain [23, 24] . However, it is postulated that TRALI is caused by two independent events. The first event that is pivotal is related to the underlying clinical condition of the patient that has the priming effect for sequestration of neutrophils in pulmonary microcirculation and their adhesion to the endothelium [3, 5, 6] .This is amply supported by the post mortem pathological findings from fatal cases of TRALI that exhibit crowding of neutrophils and their extravasation into interstitial tissue and air spaces, along with hyaline membrane formation and destruction of pulmonary architecture. On electron microscopy, the neutrophils show degranulation and focal direct contact with denuded stretches of capillary endothelium [5, 23, 25] . Transfusion is the second event that involves the activation of the adherent neutrophils leading to oxidative burst and the release of other damaging response modifiers, with resultant endothelial cell damage and leaks. This may happen by two mechanisms; immune-based and non-immune. In the former, the transfused donor anti-neutrophils antibodies (leukoagglutinins) bind to the recipient's neutrophils adherent to the pulmonary endothelium, resulting in activation and release of oxidases and other response modifiers. The incriminating antibodies are usually found in the donor's transfused component, but less often recipient's antibodies reacting with donor neurophils have also been implicated [11, [26] [27] [28] . Popovsky and Moore [11] demonstrated anti granulocyte antibodies in 89 % of TRALI patients and antibodies to HLA antigens in 65 %, most commonly directed to HLA class I, HLA class II antigens and neutrophil specific antigens particularly HNA3a [21, [29] [30] [31] [32] . Female donors with history of previous pregnancy have shown HLA antibodies with an overall prevalence of 24 %, increasing with more number of pregnancies [32, 33] . The non-immune mechanism that triggers activation of sequestrated adherent neutrophils and damage to the endothelium is believed to due to the presence of several lipophilic substances consisting of a mixture of lysophosphatidyl cholines (Lyso-pcs) which accumulate during routine storage of blood. These compounds provide oxidative burst and activate the primed adherent neutrophils to capillary cytotoxic effect leading to leaks [3, 5, 6, 23, 34] .
The transfusion components that are most commonly implicated are FFP, whole blood platelet concentrates, apheresis platelets and packed red blood cells [6, 11, 15] , though other products that is cryoprecipitate [35] and intravenous immunoglobin (IVIg) [36] have also been responsible in some cases. Among our nine patients, TRALI occurred following FFP in four patients, platelet concentrate in two patients, and cryoprecipitate in one patient. In the remaining two patients, no one specific component could be incriminated because of simultaneous emergency transfusion with more than one component as life saving requirement.
Based on the immune based mechanism for aetiopathogenesis of TRALI, several laboratory tests for detection of antigranulocyte antibodies that is granulocyte agglutinin test (GAT) and granulocyte immunfluorescence test (GIFT), neutrophil HNA and neutrophils HLA antigen characterization in donor and recipient blood and leukocyte cross matching between the recipient and the implicated donor, have also been proposed, but not universally applied [22] .
Until recently, the therapeutic approaches to TRALI have been based on intuitive reasoning rather than large scale controlled prospective studies. Firstly, the literature contains only case reports or small series of cases and secondly the episodes generally resolve in less than 72 h in nonfatal cases, often even before a firm diagnosis has been established [5, 6, 15, 16] . However, the recommended management is largely supportive, that essentially involves measures to combat hypoxaemia with oxygen support, including intubation and mechanical ventilation in large proportion of cases. In some patients arterial hypotension may occur that needs judicious non-aggressive use of intravenous fluids and occasionally presser agents when hypotension is profound, prolonged and non-responsive to intravenous fluids [37] . The benefit of corticosteroid therapy is controversial and has been reported in only anecdotal case reports. There is no convincing data to support or to refute the value of such therapy. Therefore its use remains empirical. In our case, we administered corticosteroids (hydrocortisone) to all our patients, in addition to appropriate oxygen therapy. Seven of our patients were subjected to mechanical ventilation. None of our patients developed hypotension. Therefore, none required intravenous fluids or presser agents.
Prevention of TRALI should undoubtedly include minimizing of transfusions by strict application of transfusion guidelines, thus avoiding needless risk exposure. Many transfusion medicine professionals and American and UK blood banks [15, 36] advocate temporary disqualification of donors implicated in TRALI reactions until leukocyte antibody testing is completed. In case, these donors show antibodies to leukocyte antigens HNA-3a, HNA-A2 and HLA-B1, they should remain disqualified for plasma and platelet donations [15, 38, 39] .The clinical significance of plasma from multiparous female donors was confirmed by Pilfi et al. [40] . The United Kingdom disqualified all multiparous females form plasma donations, because of the possibility that plasma from multiparous female donors may be the major risk factor for TRALI, although plasma is not disproportionately implicated in other common transfusion reactions [38, 40, 41] . In late 2003, the UK National Blood Service introduced the policy of using only male donors whenever possible to produce FFP [42] . Since much of the data from the literature does not support general disqualification of multiparous female donors at this time, it does not seem prudent to further squeeze the already short pools of donor populations [3, 41] . Exclusion of multiparous women has been estimated to result in approximately 30 % donor depletion [41] .
Transfusion with leukocyte depleted and washed cellular components at least for the susceptible patients may reduce the risk of TRALI as washing would help remove antibodies, storage induced lipids and other response modifiers [43, 44] . Similarly, fresher products may be helpful in obviating the effect of lipids accumulating in the prolonged stored blood. Using packed RBC of less than 14 days and platelets of less than 2 days post collection is reported to avert the neutrophil priming activity of these compounds that accumulate on routine storage [45] .
